In this paper, we examine the convergence hypothesis using a long memory framework that allows for structural breaks and the non reliance on a benchmark country. We …nd that even though the long memory framework of analysis is much richer than the simple I(1)=I (0) alternative, a simple absolute divergence and rapid convergence dichotomy produced by the latter is su¢ cient to capture the behavior of the gaps in per capita GDP levels and growth rates results respectively. This is in contrast to the …ndings of Dufrénot, Mignon and Naccache 
One of the main predictions of neoclassical growth theory put forward by Solow is that in the long run, all countries could only converge to a single balanced growth path (steady state) equilibrium that will be entirely determined by the exogenously given growth rate of technical progress which will equal labour productivity growth, the so called convergence hypothesis, which has been one of the main focal points of the empirical growth literature. On the other hand endogenous growth theories came to o¤er alternative ways of producing labour productivity growth generated by pro…t seeking activities endogenously in the economy. These models o¤ered explanations of why certain counties managed to grow faster than others, of how human capital and R&D accumulation could result in steady growth and of why imperfect competition and international trade permitted productivity gains that could not be reached by closed economies with controlled markets. The growth empirics literature has been one of the most important areas of applied research in the last twenty years and from a methodological point of view di¤erent studies incorporate di¤erent techniques for testing the convergence hypothesis, using cross sectional, panel data and pure time series methods. Overall, the evidence in favour of convergence has been more present in cross sectional studies, where convergence simply embodies the catching up growth e¤ect where less developed poorer countries approach in equilibrium the (per capita) income levels of richer more developed ones, see Durlauf, Johnson and Temple (2006) for a survey of the recent evidence. In the time series literature, Durlauf (1995, 1996) have introduced time series interpretations of the convergence hypothesis that can be cast in terms of unit root and cointegration analysis. Pesaran (2007) has extended the time series convergence concepts to the case where there is no requirement that the converging economies to be identical in all aspects including initial endowments. The main result is that for two economies to be convergent it is necessary that their output gap is stationary with a constant mean, irrespective of whether the individual country's output is trend stationary and/or contains unit roots. Furthermore, testing for convergence in that case does not rely on using a benchmark country in order to de…ne the output gaps that are used in the analysis and uses a pair-wise approach to test convergence. Pesaran (2007) rejects the convergence in output levels and suggests that the evidence in favour of convergence clubs may be spurious. Cheung and Garcia-Pascual (2004) using panel data methods are more supportive of the convergence hypothesis for the G7 group of countries.
However, most of the empirical work so far assumes that the empirical analysis of growth convergence can be carried out within a I(0) or I(1) framework, yet it may be that a long memory framework is more appropriate for such an analysis. If per capita output actually follows a fractionally integrated process due to aggregation over heterogeneous units, …rms as in Abadir and Talman (2002) cross-sectional heterogeneity in how …rms adjust their production levels and they …nd that the standard beta convergence rate is attributable to a long memory parameter lying between 0.5 and 1. More recently, Dufrénot, Mignon and Naccache (2009), henceforth DMN, also use fractional integration analysis to test convergence for a group of developing countries. They introduce an ARFIMA model and they allow for the long-memory parameter d to be greater than 0.5. In other words, they do not simply restrict d to be in the interval (-0.5,0.5) but they allow it to be also between 0.5 and 1 as well as greater than 1. This gives rise to a rich classi…cation of convergence cases and DMN are careful to examine the di¤erent cases that arise. Their analysis is contrasted with that of transient divergence, see Phillips and Sul (2007a, 2007b) , where convergence will take place eventually as divergent dynamics implied by idiosyncratic growth factors will diminish and will be dominated by the common components of economic growth. The main message of DMN is that for developing countries there is evidence of divergence and growth tragedy where countries do not share common factors and those with initial low income will stay behind others with negative growth rates for ever. However, the analysis carried out by DMN is subject to two main caveats. The …rst is that it is based on using a benchmark to construct measure output gaps and the second is that they do not consider the issue of structural breaks that will a¤ect the time series properties of the series under consideration. In the case of structural breaks, events that alter the steady state levels of per capita income will also change the mean reversion properties of relative outputs. This is the case of the work of Li and Papell (1999) and Datta (2003) among others. In the standard I(1)=I(0) analysis, when structural breaks are present standard tests of convergence may lack power to reject the null of nonstationarity. The same will be true for an ARFIMA process where the presence of structural breaks may contaminate the dynamics and the classi…cation between di¤erent convergence cases depending on the estimates of the long memory parameter d: The issue of relying on a benchmark, also renders the analysis problematic as perceived leaders used as benchmark economies may not retain the leader title over the whole period of analysis. In that respect, Pesaran's (2007) pair-wise analysis becomes relevant and useful to in this context adapt.
In this paper, we extend DMN in these two important directions. We examine the e¤ects of structural breaks and the non reliance on a benchmark country on a long memory empirical analysis of the convergence hypothesis. The focus in the paper is, …rst, the estimation of d, that is the parameter that determines the speed of convergence between di¤erent economies and second, the examination of the e¤ect on this parameter of certain important characteristics that are embedded in the majority of growth models, such as human capital, macroeconomic stability etc. The main …nding of our paper is that even though the long memory framework of analysis that we adopt is much richer than the simple I(1)=I(0) alternative that produces a simple absolute divergence and rapid convergence dichotomy, the latter seems to be su¢ cient to capture the behavior of the gaps in per capita GDP levels and growth rates results. The former produce a pattern of divergence whereas the latter on of rapid convergence. Any evidence of mean reversion and long memory that we …nd is not strong enough, contrary to the …ndings of DMN. The reason of the di¤erences lies in the fact that we do not rely on a benchmark and we allow for the presence of structural breaks in our treatment of the data, something that introduces higher a degree of persistence in the output gap series. The speed of convergence (divergence) captured by the estimated parameter d; is explained by di¤erences in physical and human capital as well as …scal discipline characteristics of economic policies pursued by di¤erent countries. The more dissimilar countries are in terms of these factors the more likely they are to have divergent paths.
The paper is organized as follows. The next section presents the methodology that we follow.
We then proceed to present the results …rst for the output gaps in levels and then growth rates and we also presents some additional results from a subsample of the data that refer only to developing countries. The next section presents the analysis from the determinants of the estimated speed of convergence. Finally we conclude.
Testing framework with long memory.
Following DMN, we will de…ne the pair-wise di¤erence between the log of per capita income of country i and j at time t as
:::; N; i 6 = j; t = 1; :::; T The process Z t is described as
), L is the lag operator and B(L) is a polynomial in L: The fractional integration parameter is given by d under the assumption that the process is invertible (d > 0:5): The (t) function is a deterministic function of the time trend t: For example, DMN assumed that this function is linear (t) = 0 + 1 t, but in our case we will assume a functional form that allows for the presence of (smooth) structural breaks (t) is given by
for di¤erent values of k and T: We follow DMN in distinguishing between the di¤erent convergence cases that are given from the processes above. Di¤erent values of d; 0 ; 1 and 2 will de…ne di¤erent types of convergence and we enumerate these di¤erent convergence cases below.
We will only concentrate on the parameter d and we will not pay attention to the 0 s; even though the latter are important in the underlying DGP and the classi…cation between unconditional and conditional convergence. For di¤erent values of d :
This is the case of a short memory process, where there is "fast catching-up" or "short memory catching-up".
Case 2: 0 < d < 0:5: This is the case of a long memory process, but still stationary process, where there is a slow or smooth decay in the catching-up process. Here, output di¤erences in the remote past will linger on in the current output di¤erence, although with a smaller in ‡uence.
This is the situation when a country spends a long time on a transition path towards a common long-run trend.
Case 3: 0:5 < d < 1: This is the case of a long memory process, which is non-stationary but still mean reverting. In that case the process is characterized by high persistence, whereby any output di¤erences in the distant past will still have a long-lasting in ‡uence in the present.
Case 4: d 1: This is the case of an explosive process. This is the situation where there is a strong magni…cation e¤ect and any initial di¤erence is not expected to be reversed in the future. This is the case of "stochastic divergence" and can be compared to the …rst case of deterministic divergence.
For completeness, following DMN we also present the distinction between conditional and absolute convergence that depends on the combination of values :
Conditional Convergence CC: Deterministic Convergence or Conditional Convergence Here, output di¤erences in the remote past will linger on in the current output di¤erence, although with a smaller in ‡uence but convergence will take place. The above de…nitions of the di¤erent convergence cases allow for a much richer classi…cation of convergence types, whereby one can distinguish between stationary convergence and mean reverting non-stationary convergence and this applies within the conditional as well as the absolute framework. An additional feature of this classi…cation scheme is that it allows for initial di¤erences either to linger on and have a long lasting in ‡uence in the present or decay rapidly and play no role or be somewhere in-between these two cases. This is something that can not be captured by the simple I(0)=I(1) classi…cation where there are only two extreme cases, that is perfect persistence or no persistence at all. In our case we will concentrate on the four cases that depend on the values of d. 
Testing for convergence.
We proceed as in DMN where the long memory parameter d is estimated by some estimators that immune to the nonstationarity. Let I Z (! j ) denote the periodogram of a series Z t based 1 The reason for that will be come apparent from the results that we wil obtain that overwhelmingly points towards lack of convergence in output levels. In that case, the distinction between conditional and unconditional types of convergence becomes super ‡uous.
on a discrete Fourier transform W Z (! j ) at frequency ! j = T for j = 0; :::T 1, such that
The discrete Fourier transform W Z (! j ) can be used to de…ne a Whittle estimator of d obtained by minimizing the objective function below with respect to d:
In our estimation of d; we use di¤erent estimators than DMN which are closely related to the well known Exact Local Whittle (ELW) estimator of Simotsu and . This estimator is consistent and has the same N 0; , they are also known to exhibit nonstandard behavior when d > ; 1 , and they converge to unity in probability and are inconsistent for d > 1 (see Simotsu and Phillips 2005,2006) . This is also true for Geweke and Porter-Hudak (1983), GPH estimator (see Kim Then as in DMN we perform the following tests:
: d 6 = 0:5 ("limit" stationary long memory against any alternative)
Monte Carlo based critical values.
3 Hence, FEWL estimators cannot be used under the null hypothesis of test 3 above. Neverthless we still used them for this case also for completeness as they yielded similar results with the others. 4 They are available upon request
We conduct Monte Carlo simulations to compute the critical values of the statistic corresponding to each of the above tests under the null hypothesis under consideration. The test statistic is computed as (2000) we let the (t) function be de…ned in a way that it admits structural breaks
In the above speci…cation of (t) the presence of unknown (smooth) structural breaks depends on whether 1 = 2 = 0 or not. We look at T = 100; 200 and k = 0:5; 1; 1:5; 2; 2:5 and 1 = of k will have di¤erent implications for the permanent or transitory nature of the breaks. If k is an integer then this will result in temporary breaks, whereas fractional frequencies would imply permanent breaks as the function would not complete a complete oscillation.
Hence, we conduct our Monte Carlo experiment for all possible 15 pairs of and ks . For the simulations of the critical values, we consider 50000 iterations. In Tables A1-A4 of the appendix we provide the critical values at 5 and 10 percent signi…cance levels under all combinations of the parameter con…gurations listed above for the for estimators FELW, FELWd, 2FELW, 2FELWd that we use. These critical values are then used in the empirical analysis that follows.
Empirical Findings.
The data consists of annual GDP data for the period 1945-2006 and for 139 countries 6 . The data is from Madison (2008) 7 and it includes all possible countries available, not just the group 5 We have tried other constant values such as 0, 2 and 3 and concluded that the value of the constant does not seem to a¤ect the distribution for this case. 6 The list of the countries can be found in Table A5 of the Appendix. Following DMN, we will analyze the nature of convergence depending on the classi…cation presented Table 1 below. As in Pesaran (2007), we analyze output convergence across 139 countries without being subject to the pitfalls that surround the use of a benchmark to construct the output di¤erences. As such we examine all N (N 1)=2 = 9591 output gaps. Under the null hypothesis of each test, we would expect the fraction of output gap pairs for which the null hypothesis is rejected to be close to the size of the test applied to the individual output gap pairs. Hence, in the tables rejection frequencies that greatly exceed a nominal size of say 0.05 would be taken as evidence against the null. Conversely, rejection frequencies that are less than the nominal size value will be taken as evidence in favour of the null 9 . Note that such a distinction between absolute and conditional convergence is of importance only if one operates in a "convergence" regime and it is not relevant if there is lack of convergence.
Hence, if the test statistics presented above based on the estimated d values suggest lack of convergence, the conditional/absolute distinction becomes irrelevant.
3.1 Pair-Wise Results for Per Capita Output Gaps. Table 2 As can be seen from Table 2 pattern can be observed for test 3 the evidence is in favor of "limit" stationary long memory. The rejection frequencies of the remaining 2 tests are highly above the signi…cance level for all cases, therefore the evidence strongly points to the presence of a long memory process. As a result, we may conclude that for the group of countries taken as a whole, output gaps for GDP per capita show long memory with a possible unit root 11 .
We use the classi…cation of Table 1 above to examine the nature of convergence that was established in Table 2 . We compute the rejection frequencies of the cases consistent with the stationary, mean-reverting, rapid convergence and absolute divergence and indeterminacy hypotheses based on the estimate of the long memory parameter d over all 9591 output gaps for GDP per capita. As in Table 2 , we compute these fractions for the 15 di¤erent critical values and report only minimum, median and maximum values. Table 3 reports the results obtained at the 5 percent signi…cance level. Table 3 It can be seen that rejection frequencies of the cases of stationary, mean-reverting, rapid convergence and indetermination are very high, hence these hypotheses are rejected unambiguously using critical values from either panel of T = 100 or T = 200: The evidence in the remaining panel supports absolute divergence at the …ve percent signi…cance level (median frequencies are lower than 0.05). Overall, the results in table 3 con…rm that the type of convergence found for that process is best described by absolute divergence.
The analysis presented in Tables 2 and 3 for all countries taken as a group. We repeat the analysis for di¤erent group of countries, the Middle East and Central Asia, Asia and the Paci…c, Sub-Saharan Africa, the Western Hemisphere and Europe. The classi…cation of countries falling into one of the above regions is given in Overall, with the possible exception for Europe, the evidence in favour of divergence is quite striking. Given these results there is no scope in further investigating the distinction between 1 1 The results for the GDP output gap series are similar to the GDP per capita series and are not reported. They are available upon request. 1 2 Note also that for Western Hepisphere countries, a few tests posit to the same outcome as European countries. 1 3 To conserve space we do not report these results, but they are available upon request.
absolute and conditional convergence based on the estimated values. The results that we …nd are partly in agreement with DMN who also found strong evidence of long memory and absolute divergence. However, we …nd more support for a divergence than they do. One of the main reasons for the di¤erences between our results and theirs is that we allow for the presence of structural breaks would add to the persistence of the series. Furthermore, using pair wise comparisons for all possible pairs within a group as opposed to relying on a benchmark, produces greater gap di¤erences that lead to divergence. These di¤erences are smoothened out if gaps are only considered as a di¤erence of individual countries from the leader in the group. Interestingly enough, even though the evidence does not rule out the possibility of long memory behavior in the transitional dynamics of the output gaps, it is the absolute divergence behavior that seems to be the dominant pattern.
The main premise of the convergence hypothesis is based on the premise of the catching up growth e¤ect, where less developed poorer countries approach in equilibrium the (per capita)
income levels of richer more developed ones by growing faster them. In that case, a "large" initial output gap in GDP per capita levels between two countries can be reversed if only there is a "reverse" gap in growth rates between these two counties. Having found strong evidence of absolute divergence in the level output gaps it is interesting to see the pattern of convergence in the growth gaps and see how it di¤ers from that in levels.
Pair-Wise Results for Gaps of Per Capita Growth Rates.
In this section we repeat the above analysis by using gaps of output growth instead of output level. Table 4 Table 4 As can be seen from table 4, rejection frequencies of test 1 are all well above the signi…cance level. Hence, the evidence points strongly towards a mean reverting process for the output growth gaps. All of the rejection frequencies for test 2 (median values), 3 and 4 are below the 0.05, providing evidence against stochastic divergence, long memory but in favor of "limit" stationary long memory. The evidence on long memory is rather weak, though possible, if we only consider maximum rejection frequencies in test 2. As a result, we may conclude that for the group of countries taken as a whole, output growth gaps for GDP per capita show capita show somehow mixed and weak (if any) evidence on long memory, but strong evidence on limit stationary with a possibly mean reverting behavior. Compared to the GDP per capita case, where the evidence on long memory (with unit root) was quite clear, the evidence here points towards mean reverting behavior rather than unit root, whereas the evidence on limit stationary remains strong in both case. Table 5 examines the nature of convergence and reports the rejection frequencies obtained at the 5 percent signi…cance level for output growth gaps for GDP per capita for all countries.
It can be seen that, unlike the GDP per capita case, the case of rapid convergence (case where Overall, however, again with the exception of Europe, gaps in growth per capita rates point towards a rapid convergence pattern characterized by short memory. Interestingly, even though the framework of analysis that the we have pursued provides a richer set of possibilities than the rapid convergence and absolute divergence dichotomy, it is the latter these two possibilities that have emerged as the dominant hypotheses from the results that we have obtained. The latter has emerged as the dominant characterization of output gaps in per capita GDP levels and the former for the gaps in per capita growth rates. The results produce a picture where the diverging GDP levels are not reversed by higher and reverse growth rates. In fact it seems, that growth rates do not make up for the di¤erences in initial GDP levels and if anything the latter keep diverging between countries. The main premise of the convergence hypothesis that countries with lower initial endowments will grow faster to "catch-up" with richer economies is not borne out by the evidence here.
Developing Word.
To make our work more comparable to DMN, which consider only the developing world, we now repeat the above analysis by excluding developed countries from our sample. By doing so we recalculate rejection frequencies for 118 developing countries 15 for levels and growth rates. Table   6 to 9 present the …ndings. Table 6 to 9
The results are very clear in giving strong support to the dichotomy between absolute divergence and rapid convergence. Overall, the convergence patterns in the developing world is best characterized by absolute divergence in output gaps and rapid convergence in growth rates.
Determinants of persistence.
The above analysis strongly points to the presence of high persistence and divergences, in the output level gap pairs. However in growth rates the process seems to follow a mean reverting rapid converging path. In this section we analyze the determinants of these di¤erent paths of output gaps in levels and growth rates by running the following regression Table A5 of the Appendix: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Italy, Ireland, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, United States. DMN include 98 of these 118 developing countries into their data set. investment as a percentage of GDP, in ‡ation rates, initial GDPs, population growth, and human capital respectively where u ij represents the error term that could be cross sectionally correlated and possibly heteroskedastic. The source and the description of the data is given in Appendix.
The data set for the explanatory variables is, unfortunately, only available for a only a subset of countries without interruption for a given period. We use two di¤erent sets belonging to two di¤erent time periods. In the larger data set, we have the time averages of those variables for expect that the larger the di¤erence between these factors for the ij country pair, the larger the value of thed ij for that pair. As such we expect the signs of 0 s to be positive.
We run this regression for the two sets of d 0 s, estimated from both level and growth rates data. The results point out towards the importance of all main factors in determining the speed of convergence (divergence) of these output gaps. As expected physical capital and human capital play an important role in explaining whether two countries will likely have similar paths in their per capita GDP levels (and growth rates) and so does the …scal discipline variable expressed by the budget de…cit to GDP ratio. It is countries that have similar characteristics and pursue similar economic policies that are likely to have converging paths as opposed countries with dissimilar characteristics that may pursue di¤erent policies.
Conclusions.
In this paper, we examine a long memory framework of analysis allowing for the presence of structural breaks and the non reliance on a benchmark country to estimate the time series properties of output gaps for counties in the post world war two period and as such provide evidence for the convergence hypothesis. The focus in the paper is …rst the estimation of d; that is the parameter that determines the speed of convergence between di¤erent economies and second the examination of the e¤ect on this parameter of certain important characteristics that are embedded in the majority of growth models, such as human capital, macroeconomic stability etc. The main …nding of our paper is that even though the long memory framework of analysis that we adopt is much richer than the simple I(1)=I(0) alternative that produces a simple absolute divergence and rapid convergence dichotomy, the latter seems to be su¢ cient to capture the behavior of the gaps in per capita GDP levels and growth rates results. The former produce a pattern of divergence whereas the latter on of rapid convergence. Any evidence of mean reversion and long memory that we …nd is not strong enough. The speed of convergence (divergence) captured by the estimated parameter d; is explained by di¤erences in physical and human capital di¤erences as well as …scal discipline characteristics of economic policies pursued by di¤erent countries. The more dissimilar countries are in terms of these factors the more likely they are to have divergent paths. Simple dichotomy is enough... Tables   Table 2: Note: The explanation of the di¤erent estimators above is given in Table 2 . Note: The explanation of the di¤erent estimators above is given in Table 2 . Note: The explanation of the di¤erent estimators above is given in Table 2 . Note: The explanation of the di¤erent estimators above is given in Table 2 . Note: The explanation of the di¤erent estimators above is given in Table 2 . Note: Note: The explanation of the di¤erent estimators above is given in Table 2 . Note: The explanation of the di¤erent estimators above is given in Table 2 .
6 APPENDIX: Table A1a . Critical values of Test 1, 5 % Signi…cance Level 
Estimator k = 0: Table A1b . Critical values of Test 1, 10 % Signi…cance Level 
Estimator k = 0: Table A2a . Critical values of Test 2, 5 % Signi…cance Level 
Estimator k = 0: Table A2b . Critical values of Test 2, 10 % Signi…cance Level 
Estimator k = 0: Table A3a . Critical values of Test 3, 5 % Signi…cance Level, T = 100 Table A3b . Critical values of Test 3, 5 % Signi…cance Level, T = 200 Table A3c . Critical values of Test 3, 10 % Signi…cance Level, T = 100 
